ABSTRACT Due to low efficacy in the field of a local commercial product of Bacillus thuringiensis M-H-14 (Bioflash®), a study was designed to assess its efficacy in laboratory, glass standard aquarium, semi-field and field conditions at both target and higher dosages against immature stages of Anopheles spp. and Culex spp. In laboratory conditions, the LC 50 values of wettable powder and granule formulations were 227 and 1031 ppm respectively against a susceptible strain of An. stephensi. Following application of wettable powder and granules at 56.1 mg/aquarium, the survival rates of the exposed larvae to the granule formulation were 65.6% and 54.2% on days 6 and 8 respectively. In the artificial ponds, the larval density was reduced to 38.9%, 39.3% and 65.1% at dosages of 2, 4 and 8 g/m 2 respectively. In rice fields, at a dosage of 2 kg/ha, the density of immature larvae were reduced to 33.1% and 28.6% 7-days post-treatment. Further investigations are needed for the reasons for the low efficacy of this larvicide. , 4 g/m 2 et 8 g/m 2 respectivement. Dans les rizières, à une dose de 2 kg/ha, la densité des larves immatures a été réduite, passant à 33,1 % et 28,6 %, sept jours après le traitement. Des recherches supplémentaires sont nécessaires pour expliquer la faible efficacité de ce larvicide.
Introduction
The control of immature stages of mosquitoes can be achieved through application of contact larvicides, insect growth regulators, surface films, stomach larvicides (including bacterial agents) and biological pathogens [1] . The microbial pathogens of mosquito larvae comprise viruses, bacteria, fungi, protozoa and nematodes [2] . Bacillus thuringiensis var israelensis (Bti) is a Gram-positive, aerobic, rod-shaped bacteria that naturally occurs in soil and on plants [3] . Bti forms spores during the stationary phase of its growth cycle and the dead spores produce a crystal protein that interferes with the digestive system of mosquito larvae [4] . Crystal toxins from Bti are ingested by mosquito larvae, and after solubilization and proteolytic cleavage, the activated toxin interacts with the midgut epithelium leading to death of the larvae [5] . Different strains of Bti produce different types of toxin which affects a narrow taxonomic group of insects [4] .
In 1986, a bacterium isolated from dead larvae of Anopheles stephensi was recovered in the Iranian province of Lorestan, and the new-found bacterium was labelled B. thuringiensis M-H-14. Different species of Anopheles and Culex immature mosquitoes were shown to be sensitive to this toxic bacterium, which killed only its target without causing any damage to other wildlife [6] . The toxin works on a receptor in the gut that only Anopheles spp. possess, making B. thuringiensis M-H-14 completely innocuous to all other living species, including human beings. Within minutes of ingesting the toxin, the Anopheles spp. larva stops feeding as its cell walls swell and burst, causing death [7] .
A local formulation of B. thuringiensis M-H-14 is marketed under the trade name Bioflash®. The granule formulation has heterogeneous particles similar to corn grit; when sprayed onto water the particles float to the surface and co-adhere for up to 3 weeks The active ingredient constitutes 10% of the formulated product, with a reported potency of 18 000 international toxic units (ITU)/mg. The manufacturer recommends a target dosage of 1.7 kg/ hectare of the formulated product [8] . Due to some reports of its lack of efficacy in the field a study was designed to evaluate different formulations of Bioflash® in a variety of vector breeding sites in Kazerun, Fars Province. The efficacy and residual activity of Bioflash® granule 10% and wettable powder formulations were assessed using different methods and dosages against immature stages of Anopheles and Culex spp.
Methods

Study area
The selected sites were located on the southern slopes of the Zaghros mountains, where there is a sub-tropical climate. Simulated ponds were dug in the yard of Kazerun Medical Research Station (29°37´13˝ N; 51°38´30˝ E, elevation 832 m) in Kazerun city. The field trial was carried out at rice field of Bazarengan village (29°44´55˝ N; 51°33´10˝ E, elevation 773 m), which is 25 km north-west of Kazerun city (Figure 1 ).
Materials tested
Bioflash® granule 10% formulation (Nature Biotechnology Company) was applied for all the experiments carried out in the laboratory, aquarium, semifield and field conditions. Each package weighed 85 g and was recommended by the manufacturer for application to 500 m 2 . The powder formulation was delivered from the Iranian Ministry of Health and Medical Education and used also for all laboratory, semi-field and field experiments. The manufacturer's recommended dosage is 1.7 kg/ ha, which involves doses for different areas being precisely weighed using an electronic digital balance and packed in foil sheets for application in the field.
The packed granule or wettable powder formulations were uniformly scattered with a gloved hand at simulated ponds and rice plots.
Larval tests
The Due to the low density of anopheline larvae in the simulated ponds, the larvae were collected from rice plots in Bazarengan village and transferred in the same water to a room near the ponds and the predators and aquatic insects were removed. The larvae were distributed in batch of 150-200 to the simulated ponds. The species compositions at semi-field and field sites were determined based on 10% sampling using dipping methods. The larvae and pupae were reared in enamel pans covered with nets and the emerged adults anaesthetized with chloroform and pinned for identification.
Larval susceptibility test
The Beech strain of An. stephensi was used for biopotency activity and determination of lethal concentrations according to World Health Organization (WHO) recommended methods [9] . Late 3rd to early 4th instar larvae were selected and 25 larvae were transferred into 50 mL glass beakers. The required amount of Bioflash® granule 10% were added to 224 mL of dechlorinated tap water inside the 400 mL glass beakers. Mortality was recorded after 24 h. Moribund larvae (i.e. unable to reach the water surface on touch with a plastic fine rod) were considered as dead. The experiments were replicated at least 4
times. The tests of treated groups were rejected if the control mortality was higher than 20% or when pupation was 10% of tested larvae.
Bioassay in standard aquaria
Bioassays were done in 4 glass aquaria (3 treated groups and 1 control group) (dimensions of 33×100×70 cm) containing 130 L tap water. In order to discharge the water from the aquarium, a valve was set 15 cm from bottom of aquarium. The aquaria were placed in a room with windows allowing a natural photoperiod. Batches of 50 3rd instar larvae were transferred by means of screen loops to each aquarium 24 h before treatment. Four replicates and an equal number of untreated control groups were set up simultaneously for each test of both granular and powder formulations. The formulations were applied at 56.1 mg/130 L aquarium, equivalent to the recommended dosage of 1.7 kg/ha for Bioflash® granule 10%. Dead larvae (i.e. showing no sign of moving to the surface when the cervical region was probed with a fine plastic rod) were recorded 48 h after the treatment. Moribund larvae (i.e. incapable of rising to the surface) were counted and added to dead larvae for estimation of the percentage mortality. From the 3rd day after treatment, 10 L of water was discharged daily 5 times per week in the morning. A total of 50 L of tap water was added on the 5th day afternoon. The experiments were stopped when the mortality dropped to 70% according to the WHO method described for larvicides [9] . The percentage mortality was corrected for control mortality using Abbott's formula [10] .
Semi-field trials
The simulated ponds (100×100×50 cm) were dug at a distance of about 1 m apart and were fully lined with plastic sheeting and subsequently filled with tap water to a depth of 30-40 cm. The water level was maintained throughout the trial period. The ponds were left for 2 weeks until oviposition of mosquitoes occurred, and treatment of both granular and powder Bioflash® formulations were carried out when adequate numbers of 3rd and 4th instar larvae and pupae, whether Culex or Anopheles spp., were found in the ponds. Due to the low density of anopheline larvae in simulated ponds, the larvae were collected from rice field and transferred with the original water inside the plastic buckets. The collected larvae were distributed in enamelled pans, and the other aquatic insects including predators were isolated. The larvae were counted and added to the simulated ponds. The pre-treatment density of immature mosquitoes was monitored, and 3 pre-weighted aliquots of Bioflash® granule 10% or powder formulation at dosages of 2, 4 and 8 g per pond added to the water surface. Samples of 10 dips were taken at the corners, middle and middle of every side of the simulated pond and continued from the first day before treatment until 10 days posttreatment.
Field trials
In view of the importance of rice fields as mosquito breeding sites, suitable plots for the experiments were identified in Bazarengan village, 25 km of north-west of Kazerun city. The water source for the cultivation of rice was the Shapoor river (water level range 5-10 cm). There was a laminar flow of water at the plots. The rice plants were at vegetative stage and the height ranged 20-30 cm during the assessment of the products. Eight rice plots were selected for the experiments. Bioflash® was applied at 2 kg/ha ; the amount of product was calculated based on the area of each rice field and was spread with a gloved hand. The dipping for density estimation was made at the margins of rice fields using standard dippers and 1 dip made at every 1 m of margin. The immature larvae of every dip were poured into the enamelled pan and each instar larva and pupa was counted and recorded in the relevant form. The data were recorded before and after treatment for each experiment until 7 days post-treatment. The density of immature larvae was calculated as the mean number/10 dips. Species composition of immature mosquitoes was determined based on random sampling.
Data analysis
The data obtained from all replicates of bioassays were pooled separately for each experiment type. Median lethal concentration (LC 50 ) and 90% lethal concentration (LC 90 ) and confidence intervals were calculated using Probit software program, version 1989. The LC 50 and LC 90 values were chosen based on chi-squared values and degrees of freedom. If the control mortality rate was between 5% and 20%, the mortality rate in treated groups was corrected according to Abbott's formula [10] . Tests with control mortality > 20% or pupation > 10% were discarded. The percentage reduction of the density was calculated using the Mulla's formula separately for different instar larvae and pupae [11] . The reduction rates were transformed to arc sine values. Differences between treatments were compared by analysis of variance with treatment and number of days as independent factors, and differences between larval densities pre-and post-treatment were compared using Student t-test. Statistical analyses were done using SPSS, version 11.5.
Results
Species composition of immature mosquitoes
The following anopheline mosquitoes were collected and identified in the study: (Figure 2 ).
Aquarium trials
Application of BioFlash® at 56.1 mg per 130 L aquarium, equivalent to the recommended dosage of 1.7 kg/ha, resulted a less than 50% reduction in density of An. stephensi larvae on day 6 (range 14.3%-50.8% and 8.1%-35.7% for granule and powder formulations respectively) ( Figure 3 ). There was no significant difference in bioefficacy of the formulations until day 6 and then the activity decreased to zero. The survival rates of the exposed larvae to the granule formulation were 65.6% and 54.2% on days 6 and 8 respectively.
Semi-field trials
On day 9 of the semi-field trials Bioflash® granules 10% at dosages of 2, 4 and 8 g/ m 2 caused reductions of 28.2%, 60.4% and 60.5% respectively against stage 1-2 instar larvae and of 5.1%, 10.2% and 51.3% respectively against stage 3-4 instar larvae. Powder formulation showed reductions ranging from 20.7% to 29.0% and 38.0% to 44.9% against stage 1-2 and 3-4 instar larvae respectively for 9 days post-treatment (Figure 4 ).
Field trials
Bioflash® granule and powder formulations exhibited low efficacy at a single dosage (2 kg/ha) in rice fields. The percentage reductions in densities of immature anophelines were 37.7% and 37.8% for powder and granules respectively and for immature culicines were 37.2% and 49.6% respectively at 7 days post-treatment (Table 2) . In this study, for the first time, the aquarium bioassay method was employed to determine the residual effects of a larvicide in the Islamic Republic of Iran. Although the bioassay showed a 50% reduction in larval density up to 7 days post-treatment when exposed to Bioflash® granule formulation, n similar tests a 96%-100% reduction was shown against Ae. aegypti larvae up to 94 days post-treatment [7] .
In semi-field trials the percentage reductions of An. stephensi larvae were 28.2%-60.5% and 20.7%-44.9% at 3 dosages (2, 4 and 8 g/m 2 ) of both formulations and, surprisingly, the highest dosage (8 g/m 2 ) of granule formulation showed a lower reduction in larval density than the lowest dosage (2 g/m 2 ). There were no significant differences in efficacy between the 2 formulations at any of the 3 doses. A similar trend of density reduction was also seen in the pupae and the culicine larvae following application of 3 dosages of both formulations.
A similar study was conducted in the Ghasserghand area of south-east Islamic Republic of Iran, where malaria is endemic. In order to determine the efficacy of Bioflash® granule 10% at 3 dosages, a semi-field trial was carried out in ponds lined with plastic sheeting. The percentage reductions of larval density for both Anopheles spp. and Culex spp. were < 50% during the post-treatment period at dosages of 0.85, 1.7 and 3.4 kg/ha, while the reductions were < 50% at 6.8 kg/ha and < 60% at 15 kg/ha. Even at 30 kg/ha, > 80% mortality was ]. In the current study, the field trial of application of Bioflash® granules 10% at 2 kg/ha resulted in a moderate reduction of both Anopheles and Culex spp. larvae in rice plots, ranging between 37.7% and 49.6% respectively on day 9 post-treatment.
Conclusions
All the findings of this study indicated a low efficacy of Bioflash®, both granule and wettable powder formulations, at the recommended manufacturer's dosage, as well as at 2 higher dosages of this product against anopheline and culicine larvae in laboratory, aquarium, semi-field and field conditions. These findings are consistent with various trials of the product at different parts of the world. Further follow-up investigations are required to establish whether the poor results are due to the formulations, storage or environmental conditions or to resistance of mosquito larvae to this product. Any modifications and improvements to the product by the manufacture need to be reassessed. 
